A microorgaaism having an ability of producing docosabexaenoic acid 

and use ttiereof 

Technical Field 

The present invention relates to a novel microorganism having an ability of 
producing docosabexaenoic acid (DHA) and the use of said microorganism, 

Baclcground Art 

Docosabexaenoic acid is a polyunsaturated fatty acid which is present 
specifically in the brain or retina of an animal. It plays a ro^r physiological role in 
diose organs, and also has physiological activities such as an anti-inflanmiatory effect or 
an effect of lowering blood cholesterol level. Accordingly, docosabexaenoic acid is a 
useflil substance* the use of which has drawn attention in the fields of medicines and 
food products. Recently, use of docosabexaenoic acid has also been expanded in the 
field of functional foods such as health foods and formulas. 

Docosahexaenoic acid is contained in fish oil of biuefish. More particularly, 
about 20% of sardine- or tuna'dcrived oil is made up of docosabexaenoic acid. A major 
problem in terms of the use of fish-derived docosahexaenoic acid-containing fat and oil 
in the field of food products is necessity of considerable operations for removing the 
smell of fish. Furthermore, since fish-derived docosahexaenoic acid-containing fat and 
oil contains a variety of polyunsaturated fatty acids such as arachidonic acid or 
icosapentaenoic acid (EPA), it is likely to be oxidized. Thus, it is difficult to obtam fat 
and oil havhng stable quality. Further, when docosahexaenoic acid is used in the field 
of medicmes or the like, it is necessary that docosahexaenoic acid is separated and 
purified from docosahexaenoic acid-containing fat and oil. However, a variety of 
polyunsaturated fatty acids having structures similar to that of docosahexaenoic acid are 
contained, and thus, separation and purification are difficult. In the preparation of 
formulas, docosahexaenoic acid-containing fat and oil having a low content of 
icosapentaenoic acid is particularly preferable. However, when the source is fish oil, it 
is very difficult to efficiently remove icosapentaenoic acid only. 
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As a source of docosahexaenoic acid other than fish oil, a method for producing 
docosahexaenoic acid using microorganisms have been attempted. Examples of known 
microorganisms which produce docosahexaenoic acid-contaming fat and oil include 
Vibrio marinus (bacteria extracted from the deep sea); Vibrio (bacteria separated from 
die intestine of deep-sea fish); Thraustochytrium aureum which is Masrigomycotina; 
Japonochytrium sp.\ and Cydotella cryptica, which is a type of microalgae* Production 
of docosahexaenoic acid-containing fat and oil by culture techniques utilizing these 
microorganisms have also been studied (JP Patent Publication (Kokai) No. M99588 A 
(1989)). However, according to the conventionally known methods utilizing 
microorganisms, the production amount of docosahexaenoic acid-containing fat and oil 
per liter of medium was as small as approximately 100 mg to 700 mg, and the production 
amount of docosahexaenoic acid was also very small. 

JP Patent Publication (Kokai) No. 10-72590 A (1998) and JP Patent No. 
2764572 disclose the production of docosahexaenoic acid using the Schizochytrium sp. 
strain (SR21). In these documents, drawbacks such as small production amounts, 
necessity of a special medium for culturing, and necessity of new capital investment for 
equipment for production are also pointed out, 

JP Patent Publication (Kohyo) No. 2000-513575 discloses that fat and oil can be 
collected from cultured microorganisms of the genus Ulkenia that has an ability of 
producing docosahexaenoic acid- and docosapentaenoic acid-containing fats and oils, 
but there are same drawbacks as mentioned above. 

Rapeseed oil is often used as a starting materia] for long-chain saturated fatty 
acid (C22:0 behenic acid) which is necessary for photographic photosensitive materials. 
A rapeseed breed contahiing no C22 compontmt has become preferred, and the breed 
improvement thereof has been in progress. Thus, the supply of a rapeseed breed 
containing C22 component tends to decrease. In addition, hydrogenated rapeseed oils 
contain fatty acid having similar numbers of carbon atoms, and thus, laborious 
purification and cost are of serious problem for the production of highly purified behenic 
acid. Therefore, it is desired to develop a technique for producing useful lipids, which 
can stably provide highly purified DHA and behenic acid at a low cost. 
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Disclosuie of the Invention 

An object of die present invention is to provide a microorganism which has a 
high ability of producing docosahexaenoic acid. It is another object of the present 
invration to provide a method for very efficiaatly producing docosahexaenoic 
acid-containing fat and oil at high yield without compUcated processes by utilizing a 
microorganism which has an ability of producing docosahexaenoic acid. It is further 
another object of the present invention to provide a method for efficiently produckg 
docosahexaenoic acid. 

The present inventors have conducted concentrated studies hi order to attam the 
above objects. As a result, they have found a microorganism (strain) which produces 
highly purified docosahexaenoic acid (DHA). This microorganism can be easily 
cultured, and can produce fat and oU which contain a large amount of DHA. A hi^Iy 
purified DHA can be easily collected from such fat and oil. By hydrogenating and 
hydrolyzmg the unsaturated fatty acid (C22) component of fat and oU which is produced 
from this organism, highly purified behenic acid can be obtained. The present 
hivention has been completed based on these findings. 

Thus, the present invention provides a Thraustochytriim strain which has an 
ability of producing docosahexaenoic acid. 

Preferably, the LFFl stram of ThraustochytHum (accession number: PERM 
BP-08568 (transferred from FBRM P-19159)), a strain of the same genus as the LFFl 
strain, and a strain having fungological properties substantially identical to those of the 
LFFl strain, are provided. 

Another aspect of the present invention provides a method for producfaig 
docosahexaenoic acid-containing fat and oil, which comprises culturing the 
Thraustochytrium strain having an ability of producing docosahexaenoic acid in a 
medium, and collecting the docosahexaenoic acid-containing fat and oil from the culture 
product. 

Preferably, the Thraustochytrium stram having an ability of producfaig 
docosahexaenoic acid is the LFFl strain of Thraustochytrium (accession number: PERM 
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BP-08S68 (transferred from PERM P- 1 9159)), a strain of the Bame genus as the LFFl 
strain, or a strain having fungological properties substantially identical to those of the 
LFFl stram. 

Preferably, pH at culturing is 8.0 to 9.0. Preferably, the amount of strahi to be 
inoculated at culturing is 80g or more, more preferably lOOg or more, per liter of culture 
medium. Preferably, the strain is cultured in a medium having a carbon source 
concentratiott of 4% to 7%, and then is subsequently cultured in a medium having a 
carbon source concentration of 13% to 20%. 

A further aspect of the presoit invention provides docosahexaenoic 
acid-containing fat and oil which contains 10% by weight or less of docosaprataenoic 
acid and 30% by weight or more of docosahexaenoic acid, based on the total amount of 
fatty acid in the fat and oil Preferably. Aere is provided docosahexaenoic 
acid-containing fat and oil which contains 10% by weight or less of docosapentaenoic 
acid, 30% by weight or more of docosahexaenoic acid, and 4% by weight or less of 
icosapentaenoic acid. 

Preferably, the fat and oil according to the present invention contains 50% by 
weight or more of docosahexaenoic acid, based on the total amount of fatty acid in the 
fat and oil 

Preferably, the fat and oil accordmg to the present invention is obtained by 
culturing the Thraustochytrium strain having an ability of producing docosahexaenoic 
acid in a medium and coUectmg docosahexaenoic acid-containing fat and oil from the 
culture product 

Preferably, the fat and oil accordfaxg to the present invention is obtained by 
culturing the LFFl strain of Thraustochytrium (accession number: PERM BP.08568 
(transferred from PERM P-19159)), a strain of tfie same genus as the LFFl strain, or a 
strain having fungological properties substantially identical to those of ttie LFFl strain 
in a medium and collecting docosahexaenoic acid-containing fat and oil from the culture 
product 

Preferably, the fat and oil according to the present invention is obtained by 
purifying fat and oil which is collected from the cultured product of a strain. 
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Preferably, the fat and oil according to the present invention is contained in: a 
culture solution during the production of fat and oil by culturing of strain or a sterilized 
culture solution thereof; a culture solution after ttie completion of culture or a sterilized 
culture solution thereof; cultured strains collected from any of the above culture 
solutions or a dehydrated product thereof; or a residue after the fat and oil is collected 
from any of the above culture solutions or strains. 

A ftirther aspect of the present invention provides a method for producing 
docosahexaenoic acid, which comprises isolating docosahexaenoic acid fiom the 
docosahexaenoic acid-containing fat and oil which is obtained by the production method 
according to the present invention. Preferably, the docosahexaenoic acid is isolated, 
after the docosahexaenoic acid-containing fat and oil is treated widi lipase. 

A furtho- aspect of the present invention provides a method for producing 
behenic acid, which comprises performing hydrogenation on the aforementioned 
docosahexaenoic acid-containing fat and oil or docosahexaenoic acid. 

A further aspect of the present invention provides a method for producing 
photographic photosensitive materials, wherem silver behenate containing the 
aforementioned behenic acid is used. 



Brief Description of the Drawing 

Fig. 1 shows the result of gas chromatography analysis of the lipid composition 
of the fat and oil which were produced by using the LFFl strain of the genus 
TTtraustochytrium. 

Fig.2 shows the result of hydrolysis of fat and oil produced by LFFl strain by 
means of lipase of Amano (F-AP15) as a ratio of palmitic acid and docosahexaenoic acid 
in free fatty acids. 

Fig.3 is a graph showing a relation^ip of pH at culturing with DHA content in 
triglyceride. 



Detailed Description of the Invention 

The embodiments of the present invention are hereafter described in detail. 
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(1) A strain of the present invention 

Any Thraustochytriwn strain which has an ability of producing docosabexaenoic 
acid can be used as the strain of the present invention. Such strain preferably contains 
10% by. weight or less of docost^nitaenoic acid and 30% by weight or more of 
docosahexaenoic acid, based on the total amount of fatty acid in fat and oil contained in 
the cultured produce of a strain. 

Hie strain of the presoit invention can be selected by, for example, a screening 
technique as described below. First, coUected seawater is subjected to filtration using a 
0.4-^im sterilized filter, and bacteria is collected. This filter is then attached to an agar 
medium comprising 90% naniral seawater, glucose, yeast extract, and peptone, foUowed 
by culturing at 20 to SO'C. A colony formed on the filter of this agar plate medium is 
cultured on an agar medium having the same composition as the above medium, the 
obtained strains are collected using a spatula. Fatty acid is directly methyl-esterified 
from the strains by a conventional technique, the composition fliereof is analyzed by gas 
chromatography, and a strahi that produces docosahexaenoic acid is selected. Further, 
a strain that accumulates 10% by weight or more, and preferably 20% by weight or more 
of fat and oil. based on a dried strain, and/or 10% by weight or less of docosapentaenoic 
acid and 30% by weight or more of docosahexaenoic acid, based on tiie total amount of 
fatty acid in fat and oil, can be selected. 

Examples of the strain of tiie present invention include the LFFl strain of 
Thraustochytnum (accession number: FERM BP-08568 (transferred &om FERM 
P-19159)). a strain of die same genus as the LFFl strain, and a strahi having 
fiingological properties substantiaUy identical to those of the LFFl strain. 

The LFFl strain of the genus Thraustochytrium was collected from the Seto 
Inland Sea. The ectoplasmic net of the LFFl strain extending from spherical cells with 
diameters of 10 jun to 20 jmi can be observed in an adequate agar medium (for example, 
2% agar medium comprismg 3% glucose. 0.5% yeast extract, 0.5% peptone, and 2% 
synthetic seawater). This strain was recognized to belong to the kingdom Chromista, 
the class Labyrinthulea, the famUy Thraustochytriaceae. The nutritive cells did not 
exhibit any motility, and tiiey were converted to the polynuclear state through repetition 
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of nuclear divisions not involving cytoplasmic division. Thereafter, they formed 
zoospores, and these zoospores were extracellularly discharged. Such a life history is 
characteristic of the genera ThrcMStochytrim (Olive, L. S., The Mycetozoans, Academic 
Press, New York, U.S.A., 1975; Daisuke Honda, "Rabirinehum-rui no keito to bunrui 
(Phytogeny and taxonomy of the LabyrtnthulaYx Kaiyo to seibutu (Aquabiology), vol. 
23: pp. 7-18, 2001). 

This classification is apparent because significant amounts of docosahexaenoic 
acid and docosapentaenoic acid, which are characteristics of the family 
ThraustochytHaceae, are contained in the intraceUular lipid of the LFFl strain, and the 
LFFl strain falls in the cluster of the genus Thraustockytriwn based on the molecular 
systematic analysis of the nucleotide sequence of 18S rRNA. Regardhig the 
classiflcation of the family Thraustochytrtaceae, however, the classification system 
based on the morphology or life-history is inconsistrat with flie molecular systematic 
classification (Honda. D. et al.. Molecular phytogeny of Labyrinthullds and 
Thraustochytrids based on the sequwicing of 18S ribosomal RNA gene, Journal of 
Eukaryotic Microbiology 46: 637-647, 1999). Therefore, the species of the LFFl strain 
has not yet been identified. 

The LFFl strain of the genus Thraustochytrium of die preswit hivention wag 
deposited as of December 17, 2002, at the International Patent Organism Depositary of 
the National Institute of Advanced Industrial Science and Technology (Tsukuba Central 
6, 1-1-1 Higashi, Tsttkuba. Ibaraki, Japan) under dte accession number FBRM P-19159. 
PERM P-191S9 was transferred to an intemattonal deposit under die accession number 
FBRM BP>08S68 on December 10, 2003. 

The strain of the present invention is not limited to the aforementioned LFFl 
strain of the genus Thraustochytrium (accession number: PERM BP-08568 (transferred 
from PERM P-19159)), and includes a strain of the same gaius as die LFFl strain, and a 
strain having fungological propCTties substantially identical to diose of the LFFl strain. 

As mentioned herein above, the strain of the same genus as the LPPl strain and 
a strain having fungological properties substantially identical to those of the LFFl strain 
can be identified by observing properties (for example, die ectoplasmic net extending 
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from spherical cells with diameters of 10 to 20 ^m) in an adequate agar medium (for 
example, 2% agar medium comprising 3% glucose. 0.5% yeast extract. 0.5% p^tone, 
and 2% synthetic seawater) or observing flie properties of nutritive cells (for example, 
lack of motiUty. conversion to a polynuclear state through repetition of nuclear divisions 
not involving cytoplasmic division, and thereafter fonnarion of zoospores and 
extracellular discharge of the zoospores), 

A variant or recombinant of the LFFl strain, the strain of the same genus as the 
LFFl strain, or a strain having fungological properties substantially identical to those of 
the LFFl strain as mentioned above, is also within the scope of the present invration. 

For example, all variants and recombinants which were designed to produce a 
large amount of docosahexaenoic acid are within the scope of the present invention. 
Such variants or recombinants are those that are designed to contain a larger amount of 
docosahexaenoic acid in fat and oil as compared with the amount produced by the wild 
type, those that are designed to have a larger amount of total fat and oil as compared 
with the amount produced by the wild type, or those that are designed to satisfy both 
conditions. Further, a strain ttiat was designed to produce fat and oil containing the 
same amount of docosahexaenoic acid as the corresponding wild type by efficiently 
using a substrate having excellent cost-effectiveness, is also within the scope of the 
present invention. 

(2) Production of docosahexaenoic acid^containing fat and oil 

Docosahexa^oic acid-containing fat and oil can be produced by culturing die 
Thraustochytrium strain having an ability of producing docosahexaotoic acid according 
to tfie preset invention in a medium and collecting docosahexaenoic acid-containing fat 
and oil from the culture product. 

The Thraustochytrium strain (e.g., the LFFl strain) can be proliferated by 
inoculating it in an adequate medium prepared from natural seawater or synthetic 
seawater. followed by culturing by a conventional technique. The amount of seed 
strain to be inoculated in culture medium is not particularly limited, and is preferably 
80g or more per liter of culture medium, more preferably lOOg or more per liter of 
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culture medium. By performing culturing under such condition, the production amount 
of fat and oil can be increased. 

Any conventional medium can be used as a medium. Examples of carbon 
sources include carbohydrates such as glucose, fructose, saccharose, and starch, as well 
as fats and oils such as oleic acid or soybean oil. glycerol, and sodium acetate. These 
carbon sources can be used in amounts of, for example, 20 to 300 g per liter of medium. 
In a particularly preferred embodiment, culturing can be performed by using two types 
of medium, each of which has a different concentration of carbon source with each other. 
For example, a strain is cultured in a medium having a carbon source concentration of 
4% to 7%, and then is subsequently cultured ui a medixmi having a carbon source 
concentration of 13% to 20%. By performing culturing under such condition, the 
production amount of fat and oil can be increased. 

Examples of nitrogen sources that can be used include organic nitrogen such as 
yeast extract, com ste^ Uquor, polypeptone, sodium glutamate, and urea, and inorganic 
nitrogM such as ammonium acetate, ammonium sulfate, ammonium chloride, sodium 
nitrate, and ammonium nitrate. Potassium phosphate and the like can be suitably 
combined and used as inorganic salts. 

In order to promote the production of docosahexaenoic acid, a docosahexaenoic 
acid precursor can be added to a medium. Examples of a precursor include, but are not 
limited to, hydrocarbons such as tetradecane, hexadecaue, and octadecane, fatty acids 
such as tetradecanoic acid, hexadecanoic acid, octadecanoic acid, and oleic acid, salts 
thereof (e.g., sodium salt or potassium salt), fatty acid ester, and fats and oils comprising 
fatty acid as a constituent (e,g., olive oil, soybean oil, cottonseed oil, and palm oil). 

Preferably, the aforementioned medium is adjusted to a pH level between 4.0 
and 9.5 with the addition of adequate acid or base aftra: its preparation, and is then 
sterilized in an autoclave. 

The culture temperature for the strain is generally between 10°C and 45*^C, and 
preferably between 20^C and 37°C. The culture temperature is preferably controlled in 
such a way that the fat and oil composition of interest can be produced. The pH level 
of the culmre is generally between 3.5 and 9.5, and preferably between 4.5 and 9.5. A 
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particularly preferred pH level is different depeading on the purpose. pH 5,0 to 8.0 is 
preferred for producing a large amount of fat and oil. The present inventors have found 
that the production amount of fat and oil is decreased but the content of docosahexaenoic 
acid in fat and oil is increased by adjustmg pH to 8.0 to 9.0. 

The culture period can be set between, for example, 3 to 7 days, and culture can 
be carried out by aeration agitation culture, shaking culture, or standing culture. 

Thus, a strain which accumulates docosahexaenoic acid-contaming fat and oil at 
a high concentration in its culture product is generally produced at a high concentration 
level of about 4 g to 60 g based on the weight of dried strain per liter of medium. A 
culture solution and a strain can be separated from the culture product by a technique 
known to persons skilled in the art, such as centriftigation or fdtration. Centrifugation 
is particularly preferable. 

The strain s^arated from the above culture product is fractured by, for example, 
ultrasonic or Dynomill, and then extracted with a solvent such as chloroform, hexane, or 
butanol. Thus, docosahexaenoic acid-contaming fat and oil can be obtained. 

The content of docosahexaenoic acid-containing fat and oil per 100 g of dried 
strain is about 10 g to 80 g, and the production amount of docosahexaenoic 
acid-containing fat and oil per liter of medium is about 0.4 g to 48 g. 

In a preferable embodiment of the present invention, the content of 
docosahexaenoic acid in fatty acid components of fat and oil is as high as 50% by weight 
or more. Accordingly, the production amount of docosahexaenoic acid per liter of 
medium is very high at about 0.2 g to 38 g. 

The Thraustochytrium strain having an ability of producing die docosahexaenoic 
acid according to the present invention can preferably accumulate 10% by weight or 
more and more preferably 20% by weight or more of fat and oil, based on the dried strain. 
Fat and oil which are produced by using the strain of the present invention are 
docosahexaenoic acid-containing fat and oil containing 10% by weight or less of 
docosapentaenoic acid and 30% by weight or more of docosahexaenoic acid, and 
preferably 4% by weight or less of icosapentaenoic acid, based on the total amount of 
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fatty acids. Such docosahexaenoic acid-containing fat and oil prefaably contain 50% 
by weight or more of docosahexaenoic acid based on the total amount of fatty acids. 



(3) Production of docosahexaenoic acid 

Docosahexaenoic acid can be separated from docosahexaenoic acid-containing 
fat and oil in a state of mixed fatty acids or fatty acid ester by concentrating and 
collecting it by means of conventional techniques, such as urea addition, separation by 
cooling, high-performance liquid chromatography, or supercritical chromatography. 

Also, fat and oil containing a high amount of docosahexaenoic acid can be 
produced by releasing and removing fatty acids havmg a short length of strand from 
docosahexaenoic acid-containing fat and oil. This reaction can be carried out by using 
various hydrolases such as esterase or lipase. Treatment with lipase is particularly 
preferred, and treatment with 1.3-positions selective lipase is more preferred. 

Many types of Upase derived from animals, plants or microorganisms have been 
reported. Castor lipase, a plant derived lipase, is known to have a low 
position-selectivity. Examples of lipases of microorganisms having a low 
position-selectivity include Candida cylindracea, Chromobacterium viscosum, 
CorynebacteHum acnes. Geotnchum candium, Pseudomonas fragi, Pseudomanas 
fluorescens, and Peniciilium cyclopium. Examples of Upases of microorganisms having 
a 1,3-position selectivity include Rhizppus delemar. RhUopus arrhizus. Bhizopus 
niveus. Mucor miehei. Aspergillus niger, Rhizppus oryzae. and PeniciUum roqueforti. 
The activity of pancreatic lipase derived from animals is weU known to be an example of 
1 ,3.position selective lipases. Examples of 1.3-position selective lipases which can be 
industriaUy produced and can be safely used at low cost include 1.3-position selective 
Upases derived from the aforementioned microorganisms and a lipase derived from pig 
pancreas, and particularly preferred examples include those derived from Rhizopus 
oryzae, Aspergillus niger or PeniciUum roqueforti. 

The reaction of lipase treatment can be carried out at pH4.0 to 9.0 at 2(fC to 

60t:. 
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When the Thraustochytrium stram (e,g„ the LFFl strain) is used as a strain, a 
fatty acid component of the docosahexaenoic acid-containing fat and oil which are 
obtained is 10% by weight or less of docosapentaenoic acid and 30% by weight or more 
of docosahexaenoic acid (further preferably 50% by weight or more), and preferably 4% 
by weight or less of icosapmtaenoic acid, based on the total amount of fatty acid. Such 
fat and oil is advantageous for concentration and separation of docosahexaenoic acid. 
The aforementioned fat and oil contains substantially no fatty acid having physiological 
activities similar or agonistic to that of docosahexaenoic acid. Thus, application 
thereof is convenient in the fields of functional foods or medicines, and utilisation 
thereof is particularly convenient in the production of behenic acid which is used for 
photographic photosensitive materials, 

(4) Utilization of fat and oil and docosahexaenoic acid 

The fat and oil and the docosahexaenoic acids described in (2) and (3) above can 
be added to various foods and drinks, feeds or bail. Examples of such foods include 
nutritional supplementary foods, modified milk for infants or premature babies, health 
foods, functional foods, baby foods, food for pregnant women, and foods for elderly 
people. Feeds include livestock feeds for pigs or cows, poultry feeds for chickens, pet 
foods for dogs or cats, and feed for pisciculture. Examples of bait include feeds for 
microorganisms (so-called animal plankton) that is provided as bait for the aquafarming 
of seafood. The use of the cultured product of the strain of the present invention, a 
stram collected from the aforementioned culture product, or a residue of the stram after 
fat and oil have been removed therefrom for feeds and bait are particularly preferable 
from the economical point of view. 

When the fat and oil and the docosahexaenoic acids produced by the method of 
the present invention are added to foods and drinks, the composition of the foods and 
drinks may be in a solid, liquid, or fat-and-oil-containing form. The contents of fat and 
oil and docosahexaenoic acid in foods and drinks depend on properties of foods and 
drinks, and the content is preferably about 0.001% by weight to 50% by weight. 
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Examples of fat and oil-containing foods include: natural foods containing fat 
and oil such as meat, fish, or nuts; foods to which fat and oil is added when preparing, 
such as soups and the like; foods using fat and oil as a heat medium, such as doughnuts 
and the like; fat and oil foods such as butter; processed foods to which fat and oil is 
added during processing, such as cookies or the like; and foods to which fat and oU is 
sprayed or upon which it is coated when finishing processing, such as hard biscuits and 
the like. The fat and oil (or the separated docosahexaenoic acid) of the present 
invention may also be added to fat-and-oil-free agricultural foods, fermented foods, 
livestock food products, aquatic foods, or drinks. 

Hie fat and oil and the docosahexaenoic acid of the present invention may be 
added to functional foods. Functional foods may be in the form of medical preparations 
or in processed forms such as enteral feeding products, powders, granules, troches, 
liquid medications, suspensions, liquid emulsions, or syrups, which comprise a protein, 
saccharide, lipid, trace element, vitamins, emulsifler, or aromatic in combination with 
the fat and oil of the present invention. 

Further, the fat and oil and the docosahexaenoic acid of the present invention 
can be used as additives for cosmetics or washing agents or as starting materials for 
producing its derivative used for medicines. 

Forms of cosmetics are not particularly limited, and examples thereof mclude 
emulsions, creams, lotions, masks, dispersion liquids, and washing agents. Bases for 
cosmetics can be selected in accordance with the forms of cosmetics. Examples thereof 
that can be used include purified water, lower alcohols, polyhydric alcohols, fats and oUs, 
surfactants, various cosmetic ingredients, ultraviolet absorbers, thickeners, pigments, 
antiseptics, and aromatics. Washing agents include soaps, shampoos, facial creams, 
and conditioners that aro commonly used to keep bodies clean, regardless of whether 
they are medicinal or nonmedicinal. Further, they may be bath agents, or detergents for 
equipment usually used at home, such as plates and utensils. 

The fat and oil and the docosahexaenoic acid of the present invention are 
particularly useful as starting materials for silver behenate, which is a component of 
photographic photosensitive materials. This is described below. 
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(5) Production of behenic acid and production of photographic photosensitive materials 
using behenic acid 

Behenic acid can be produced by hydrogenating the docosahexaenoic 
acid-containing fat and oil or docosahexaenoic acid as mentioned herein above. When 
fat and oil is used as a starting material, behenic acid can be produced by performing 
hydrolysis after fbc hydrogenation. 

nie behenic acid which is produced by the method of the present invention can 
be used for producing silver behenate used as a component of photographic 
photosensitive materials. Specifically, a method for producing photographic 
photosensitive materials by using silver behenate which contains the behenic acid 
produced by the method of the present invention is also withto the scope of the present 
invention. 

Specific techniques for producing the photographic photosensitive materials are 
known to persons skilled m Ae art, and are described in, for example, jp Patent 
Publication (Kokai) Nos, 2002-341484 A. 2002-328444 A, 2002-318431 A. 
2002-311533 A. or 2002-311531 A. 

The present invention is described in more detail with reference to the following 
examples, although the scope of the present invention is not limited to these examples. 

Bxamples 

Example 1: Isolation and identification of the LFFl stram 

Hie LFFl strain was coUected ftom the Seto Inland Sea. The ectoplasmic net 
of the LFFl strain extending from spherical cells with diameters of 10 jim to 20 ^m can 
be observed in an adequate agar medium (2% agar medium comprising 3% glucose, 
0.5% yeast extract, 0.5% peptone, and 2% synthetic seawater). This strain was 
recognized to belong to the Hngdom Chromista, the class Labyrinthulea, and the family 
Thraustochytriaceae. The nutritive cells did not exhibit any motility, and they were 
converted to a polynuclear state through repetition of nuclear divisions not involving 
cytoplasmic division. Thereafter, they formed zoospores, and these zoospores were 
extracellularly discharged. Such a life history is characteristic of the genera 
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Thraustochytnm (Olive, L, S., The Mycetozoans» Academic Press, New York, U,S,A., 
1975; Daisuke Honda, ''Rabirinchura-rui no keito to bunrui (Pbylogeny and taxonomy of 
the Labyrinthulay, Kaiyo to seibutu (Aquabiology), vol. 23: pp. 7-18, 2001)* 

Example 2: Production of fat and oil using the LFFl strain 

The LFFl strain was cultured using a jar fermcnter under the following 
conditions to produce fat and oil. The composition of the produced fat and oil was 
analyzed by gas chromatography, 
(1) Culture conditions: 

use of a 3-liter fermenten 
amount of culture: L8 lit^s of culture; and 
composition of medium: 
10% glucose; 
3.3% yeast extract; 
S0% synthetic seawater; 
0.1% def earning agent; 
0.2% ammonium acetate; and 
0.2% monobasic potassium phosphate. 

The LFFl strain for subculture was streaked onto agarose medium and then 
subjected to standmg culuire at 28^C for 4 days. The appeared colonies were then 
refrigerated. 

Agarose medium: 

3% glucose; 

1% yeast extract; 

50% synthetic seawater; 

0.2% ammonium acetate; 

0.2% monobasic potassium phosphate; and 

1.5% agarose 
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The aforementioned colonies were collected and th^ subjected to preculture 
while stimng in 80 ml of medium at 26*'C under aerobic conditions for 16 hours. A 
fermenter was inoculated with the culture product. Agitation culture was conducted for 
40 hours witii aeration at 500 rpm. pH was not regulated. After the strains were 
collected at 1,500 O for 30 minutes, the wet weight was measured. After being frozen 
at -40"C lyophilization was carried out overnight, and the dry weight was measured. 

Conditions for disruption and extraction 

Strains were extracted by adding a mixture of chloroform and methanol with a 
chloroform-to-methanol ratio of 2:1 in an amount 10 times greater tfum that of the strain 
(based on a wet weight) and also adding glass beads in an amount equivalent to that of 
the strain (based on a wet weight), and then stiiring the resultant mixture under water 
coolmg in a hig^-performance agitator. The disrupted strains wwe separated by 
filtration, extracted and washed twice witti an equivalent amount of saturated saline 
solution, and then dried over sodium sulfate. The solvent was removed using an 
evaporator, and the weight of roughly purified oil was measured. 

Preparation of samples for gas chromatography 

The oil was dissolved with the aid of chloroform, a mixture of 10% KOH (aq) 
and ethanol in equal proportions was added, and the mixture was hydrolyzed at 95»C for 
2 hours. Hie product was neutralized with 2N HQ and then extracted with ether. 
TMS diazomethane was added thereto, the mixture was subjected to esterification at 
room temperature for 2 hours, and acetic acid was finally added thereto to terminate the 
reaction. Tliis reaction solution was analyzed by gas chromatography. A chart for gas 
chromatography is shown in Fig.l . 

Conditions for gas chromatography 

- Column: DB-17 (0.25 mm x 30 m) 

- Carrier gas: He inlet pressure of 250 kPa 

- Column temperature: 100*C to 250'C (rate of temperature mcrease: lO'C/minute) 
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- Detection: FID 

The results of culture are shown below. 

- Culture period: 40 hours 

- Weight of dried strains: 24.0 g/liter of culture 

- Total amount of fat and oil: 5,95 g/liter of culture 

- Fat and oil content: 24.8% (total fat and oil/weight of dried strains) 

- Amount of DHA: 3.50 g/liter of culture 

- C22 lipid: 3,69 g/liter of culture 

Lipid composition 

C15:0 1.8% 

C16:0 18.8% 

C17:0 9.7% 

C20.5 (EPA) 2.2% 

C22:5 (DPA) 3.2% 

C22:6 (DHA) 58.8% 

Example 3: Conversion to behenic acid 

The Labyrinthula oil extract (10 g), which is (he total fat and oil produced and 
extracted in Example 2. was allowed to react in the presence of 0.05 g of stabilized Ni 
catalyst in 100 ml of ethanol in an autoclave at ISO^C and 2 Mpa for 5 hours. After the 
reaction, the temperature of the reaction product was cooled to room temperature, and 
100 ml of chloroform was added to dissolve the product. Thereafter, the Ni catalyst 
was removed from this solution by celite filtration, and the solvent was removed by 
distillation under reduced pressure. 

An aqueous solution of 10% potassium hydroxide (25 ml) and ethanol (50 ml) 
were added to the hydrogenation product, and the mixture was subjected to reflux while 
stirring for 30 minutes. After the product was cooled to room temperature, the 
generated crystal was filtered and then washed with 20 ml of ethanol. 
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The obtained crystal was added to 50 ml of water and ethanol mixed in equal 
propordons, 10 ml of 10% hydrochloric acid was added Aereto, and the mixture was 
stirred at room temperature for 1 hour. The generated crystal was filtrated and then 
washed with 20 ml of ethanol. By allowing this hydrolysate to be distilled (0.5 mm Hg, 
1 85'C), 5 g of behenic acid (purity: 95%) could be obtained. 

Example 4: 

To 0.2g of the lipid which was extracted from the LFFl strain were added 4.0 
ml of 0.05M (pH7.0) phosphate buffer and 1.0 ml of 10% gum arabic solution. The 
resultant mixture was treated with a high flex homogenizer at 15000 rpm for 4 minutes 
to be emulsified. The resultant was divided into 500 n 1 each, and then 50U/100/2 1 of 
Rhlzopus oryzae (lipase of Amano F-AP15) was added thereto, and the mixtures were 
shaken at 37t;. After certain period of time. 1.0ml of ether was added to stop the 
reaction, and lipid mixture was extracted with ether. To this was added TMS 
diazomethane (Tokyo Kasei), and esterification reaction was carried out at room 
temperature for 2 hours. Fmally. acetic acid was added to stop the reaction. This 
reaction solution was analyzed by gas chromatography (Shimazu GC 2010. DB-17 
capillary column). The fatty acid methyl ester which was released on gas 
chromatograph was detected. Table 1 shows the fatty acid composition of the extracted 
lipid. C16 component and C22 component occupy 90% or more of fat and oil. 
Further. Fig.2 shows the ratio of CI 6 (palmitic acid) and docosahexaenoic acid in the 
free fatty acids from the hiitial stage of the reaction to 2 hours later. 
Table 1: Fatty acid composition of the fat and oil extracted fh>m LPFl strain 

Fatty acids conmosition ratio 

pentadecane acid (C15:0) 2.79 
palmitic acid (C16:0) 24.67 
eicosapentaenoic acid (C20:5) 2,64 
docosapentaenoic acid (C22:5) 7.63 

docosahexaepoic acid (C22;6) 62.27 

— Total 10000 
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In the initial stage of the reaction, the release of CI 6 is very large, and as a resulti 
the ratio of C22 component which remahis hi fat and oil is increased. For example, the 
hydrolysis ratio reaches 32.5* m the reaction of 60 minutes, where C16 component 
which remains as lipid (glyceride) is decreased from 24% to 10% and DHA component 
is increased from 62% to 84%. 

To lOg of Labyrinthulea oil extract which is a total fat and oil produced and 
extracted in Example 2 were added 100 ml of 0.05M (pH7.0) phosphate buffer and 20 ml 
of 10% gum arable solution. The resultant mixture was treated with a high flex 
homogenizer at 15000 rpm for 4 minutes to be emulsified, 2000U of Rhizopus oryzae 
(lipase of Amano F-AP15) was added thereto, and the mixtures were shaken at ST'C for 
60 minutes. 400 ml of edianol was added, and the mixture was cooled* Then, 
insoluble matters were filtered off and ethanol was concentrated. Thereby, 5-7g of lipid 
having DHA content of 79% was obtained. 

Example 5: Production of fat and oil using the LFFl strain (pH condition) 

Hie LFFl strain was cultured using a jar fermenter under the same conditions as 
in Example 2 to produce fat and oil. The culturing (40 hours, agitation culture with 
aeration at 500 rpm) was carried out while pH was adjusted to be 4.5, 7.5 or 8.0. The 
composition of the produced fat and oil was analyzed by gas chromatography as m 
Example 2. 

The results of the culturing are shown in Fig.3. The DHA component in the 
triglycerides produced shows characteristic tendency. Namely, DHA component is 
around 40% whm culturing was carried out at pH7.5, but DHA component becomes a 
high content of 80% or more, when culturing was carried out at pH8.5. The DHA yield 
at pH8.5 was 0.8g/L culture. 

Example 6: Production of fat and oil using the LFFl strain (setting of the amount of the 
seed strain) 
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ITie LFFl strain was cultured using a jar fermenter under the following 
conditions to produce fat and oil. The composition of the produced fat and oil was 
analyzed by gas chromatography; 
(1) Culture conditions: 

use of a 3-liter fermenter; 
amount of culture: l.S liters of culture; and 
composition of medium: 
15% glucose; 
3.3% yeast extract; 
50% synthetic seawater; 
0.1% defoaming agent; 
0.2% ammonium acetate; and 
0,2% monobasic potassium phosphate. 

The LPFl strain for subculture was streaked onto agarose medium and then 
subjected to standmg culture at 2B^C for 4 days. The appeared colonies were then 
refrigerated. 

Agarose medium: 
3% glucose; 
1% yeast extract; 
50% synthetic seawater; 
0.2% ammonium acetate; 
0.2% monobasic potassium phosphate; and 
1.5% agarose 



The aforementioned colonies were collected and then subjected to preculture 
while stirring in 2000 ml of medium at 28^C under aerobic conditions for 24 hours. 1 
liter of a fermenter medium was inoculated with 135g of the seed starain. Agitation 
culture was conducted for 45 hours with aeration at 500 rpm. After the strains were 
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collected at 1,500 G for 30 minutes, the wet weight was measured. After being frozen 
at -40**C, lyophUization was cairied out overnight^ and the dry weight was measured. 

Conditions for disruption and extraction 

Strains were extracted by adding a mixture of chloroform and methanol with a 
chloroform-to-methanol ratio of 2:1 in an amount 10 times greater than that of the strain 
(based on a wet weight) and also adding glass beads in an amount equivalent to that of 
the strain (based on a wet weight), and then stirring the resultant mixture under water 
cooling in a high-performance agitator. The disrupted strains w«:e separated by 
filtration, extracted and washed twice with an equivalent amount of saturated salme 
solution, and then dried over sodium sulfate. The solvent was removed usmg an 
evaporator, and the weight of roughly purified oil was measured. 

Preparation of samples for gas chromatography 

The oil was dissolved with the aid of chloroform, a mixture of 10% KOH (aq) 
and ethanol in equal proportions was added, and the mixture was hydrolyzed at 95°C for 
2 hours. The product was neutralized with 2N HQ and then extracted with ether. 
TMS diazomethane was added thereto, the mixture was subjected to esterification at 
room temperature for 2 hours, and acetic acid was finally added thereto to terminate the 
reaction. This reaction solution was analyzed by gas chromatography. 

Conditions for gas chromatography 

- Column: DB-17 (0.25 mm x 30 m) 

- Canicr gas: He inlet pressure of 250 kPa 

- Column temperature: lOO^'C to 250^C (rate of temperature increase: lO^Ominute) 

- Detection; PID 

As a result of the culture, the DHA content in the triglycerides produced was 
32%, and the production amount of fat and oil was 52g/liter of culture. The yield of 
DHA was 16.6g/liter of culture. 
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Example 7: Production of fat and oil using the LFFl strain (using 2 types of medium) 

The LFFl strain was cultured using a jar fermcnter under the following 

conditions to produce fat and oil. The composition of the produced fat and oil was 

analyzed by gas chromatography. 

(1) Culture conditions: 

use of a 3-liter fermenter; 

amount of culture: L5 liters of culture; and 

Composition of medium 1: 
6% glucose; 
3.3% yeast extract; 
50% synthetic seawater; 
0*1% defoaming agent; 
0.2% ammonium acetate; and 
0.2% monobasic potassium phosphate. 

Composition of medium 2: 
15% glucose; 
3.3% yeast extract; 
S0% synthetic seawater* 
0.1% defoaming agent; 
0.2% ammonium acetate; and 
0.2% monobasic potassium phosphate. 

The LFFl strain for subculture was streaked onto agarose medium and then 
subjected to standing culture at 28^C for 4 days. The appeared colonies were then 
refrigerated. 

Agarose medium: 
3% glucose; 
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1 % yeast extract; 

50% synthetic seawater; 

0.2% ammonium acetate; 

0.2% monobasic potassium phospbate; and 

1.5% agarose 

The aforementioned colonies were collected and then subjected to precuUure 
while stirring in 400ml of medium at 28°C under aerobic conditions for 24 hours. 
Agitation culture was conducted for 24 hours with aeration at 500 rpm using the 
composition of medium 1 in a fermenter. Thereafter, this medium 1 was removed, and 
culture was conducted for 45 hours using the composition of medium 2 in a fermenter. 
After the strains were collected at 1,500 O for 30 minutes, the wet weight was measured. 
After being frozen at -40''C, lyophilization was carried out overnight, and the dry weight 
was measured. 

Conditions for disruption and extraction 

Strains were extracted by adding a mixture of chloroform and methanol with a 
chloroform-to-methanol ratio of 2:1 in an amount 10 times greater than that of the strain 
(based on a wet weight) and also adding glass beads in an amount equivalent to that of 
the strain (based on a wet weight), and then stirring the resultant mixture under water 
cooling in a high-performance agitator. The disrupted strains were separated by 
filtration, extracted and washed twice with an equivalent amount of saturated saline 
solution, and ±ea dried over sodium sulfate. The solvent was removed using an 
evaporator, and the weight of roughly purified oil was measured. 

Preparation of samples for gas chromatography 

The oil was dissolved with the aid of chloroform, a mixture of 10% KOH (aq) 
and ethanol in equal proportions was added, and the mixture was hydrolyzed at 95''C for 
2 hours. The product was neutralized with 2N HCI and then extracted with ether. 
TMS diazomethane was added diereto. the mixture was subjected to esterification at 
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room temperature for 2 hours, and acetic acid was finally added thereto to terminate the 
reaction. This reaction solution was analyzed by gas chromatography. 

Conditions for gas chromatography 

- Column: DB-17 (0.25 nun x 30 m) 

- Carrier gas: He inlet pressure of 250 kPa 

- Column temperature: lOO'C to 250*C (rate of temperature increase: lO^Qminute) 

- Detection: FID 



As a result of the culture, the DHA content in the triglycerides produced was 34%, 
and the production amount of fat and oil was 45g/litcr of culture. The yield of DHA 
was 15.3g/liter of culture. 

Industrial Applicability 

Docosahexaenoic acid (DHA) and behentc acid can be stably provided in a 
highly pure form at a low cost by producing fat and oil through culturing the 
Thraustochytritm strain which has an ability of producing the docosahexaenoic acid 
according to the present invention. Thus, by using the Thraustochytrium strain of the 
present invention, fat and oU containing a large amount of docosahexaenoic acid which 
is useful in the fields of, for example, photographic materials, foods and drinks, 
cosmetics, or medicines, can be efficiendy produced at a high yield 
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